We compared the spatiotemporal variability of temperatures and precipitation with that of the magnitude and timing of maximum daily spring flows in the geographically adjacent L' Assomption River (agricultural) and Matawin River (forested) watersheds during the period from 1932 to 2013. With regard to spatial variability, fall, winter, and spring temperatures as well as total precipitation are higher in the agricultural watershed than in the forested one. The magnitude of maximum daily spring flows is also higher in the first watershed as compared with the second, owing to substantial runoff, given that the amount of snow that gives rise to these flows is not significantly different in the two watersheds. These flows occur early in the season in the agricultural watershed because of the relatively high temperatures. With regard to temporal variability, minimum temperatures increased over time in both watersheds. Maximum temperatures in the fall only increased in the agricultural watershed. The amount of spring rain increased over time in both watersheds, whereas total precipitation increased significantly in the agricultural watershed only. However, the amount of snow decreased in the forested watershed. The magnitude of maximum daily spring flows increased over time in the forested watershed.
Introduction
Previous work on the hydrological impacts of land use changes (deforestation and agriculture) has revealed that they can vary widely from one region to another depending on numerous factors, such as climate, tree species and type of vegetation, forest management approach, and the physiographic features of watersheds (e.g., [1] [2] [3] ). There is also controversy around the methods used to determine the effects of deforestation, in particular with regard to flood flows (see [4] ).
In Quebec and in other neighbouring provinces in Canada, various studies have looked at the effects of land use changes on flood flows and low flows (e.g., [5] [6] [7] [8] ). This work has shown that deforestation and/or agriculture have led to an increase in minimum flows. However, they have had virtually no impact on flood flows, particularly spring flood flows from snowmelt. In any event, a number of criticisms can be made regarding these studies.
(i) The studies do not consider variability of temperatures, precipitation, and flows in conjunction with one another. As a result, it is not possible to determine the effects of land use changes on the spatial variability of climate variables (temperature and precipitation), on the one hand, or to accurately distinguish between the effects of land use changes and the effects of climate variability on flows, on the other. Hence, it is not always easy to interpret the hydrological changes that are observed, which can sometimes be attributed incorrectly to the effects of land use changes. (ii) Most of these studies look solely at the effects of land use changes on the magnitude of floods and low flows. They do not take into account the other elements 2 Advances in Meteorology of flows, such as timing, duration, frequency or variability, despite their influence on the functioning of aquatic ecosystems [3] .
(iii) These studies do not look at the impact of land use changes on the temporal variability of climate variables or the characteristics of streamflow. They cannot distinguish between the effects of climate variability and those brought about by land use changes in watersheds for which hydrological data from before and after such changes are not available, even though there are many such watersheds in Quebec.
In light of the above, the three goals of this study are as follows:
(1) To compare the spatial and temporal variability of spring peak flood flows in two watersheds that differ in terms of the area of forest cover and the presence of agricultural activity. Spring floods were chosen because previous studies did not highlight the impact of land use changes on maximum daily spring flows.
In this study, we look at the impacts on the magnitude and timing of such flows from 1930 to 2013 along with the temporal variability of temperatures and precipitation measured in the two watersheds. The other characteristics (duration, frequency, and variability) of these flows will not be analyzed for the simple reason that they do not vary over time.
(2) To compare the spatial and temporal variability of climate factors (temperature and precipitation) that influence these two characteristics (magnitude and timing) of maximum daily spring flows in the two types of watersheds.
(3) To compare the relationship between these climate factors and the two characteristics of maximum daily spring flows in the two watersheds.
Data and Methodology

Choice and Description of Watersheds Analyzed.
Two watersheds were selected because of their geographic proximity, the similarity of their physiographic (geographic area, length of watercourse, drainage density, and average slope) and climate properties, and the availability of existing temperature and precipitation data measured over a relatively long period, and their different land use distribution. The first watershed, that of the Matawin River, is fully contained within the Canadian Shield. It is covered entirely by forest and no farming takes place within it. This forested area, which also extends to the L' Assomption River watershed, comprises essentially sugar maple-yellow birch stands [9] . For the Matawin River, the watershed upstream from the Saint-Michel-des-Saints station covers 1390 km 2 ( Figure 1 [10] . However, unlike for flow data, temperatures and precipitation were measured fairly regularly until 2008 for both watersheds and then only intermittently afterwards.
It is important to note that the magnitude of maximum daily spring flows in the two watersheds, both located on the north shore, is correlated with the Atlantic Multidecadal Oscillation [11] , whereas their timing is correlated with the North Atlantic Oscillation [12] , and, thus, the two watersheds are affected by the same climate forcing mechanisms. (ii) The maximum daily spring flow timing series (STF), comprising the dates on which these flows were measured. Dates are expressed in Julian days.
With regard to climate variables, the following nine series have been assembled: (i) Three series of mean daily maximum temperatures measured in fall (TMAXf, October to December), winter (TMAXw, January to March), and spring (TMAXs, April to June). Mean values were calculated at the seasonal scale.
(ii) Three series representing mean daily minimum temperatures measured in fall (Tminf, October to December), winter (Tminw, January to March), and spring (Tmins, April to June). Mean values were calculated at the seasonal scale.
We analyzed temperatures for the different seasons because of their influence on the amount of precipitation (snow and/or rain) that in turn affects SMF magnitude and timing. In the fall, temperatures influence the amount of snow. In winter, they affect the amounts of both snow and rain. Finally, in the spring, they affect the amount of snow and the timing of snowmelt. Summer temperatures have no impact on the amount of snow or rain that affects the two SMF characteristics and, for this reason, were not included in this study.
(i) A series representing total snowfall (TSF) from October to May of each year, the time of the year when snowfall and snowmelt occur. However, snowmelt, which produces spring floods, occurs mainly in the spring (April and May). (ii) A series representing total precipitation (rain and snow) (TP) from October to May of each year.
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(iii) Lastly, a series of the total amount of spring rain (STR) measured each year from April to May.
These nine climate variables were selected because they have a direct or indirect impact on spring snowmelt from which spring flood flows arise.
Statistical Analysis of Hydroclimatic Series.
Statistical analysis was performed in three steps.
(i) For the first step, we compared the mean values of hydroclimate variable series measured in the two watersheds using Student's -test and the pairedtest. The purpose of this step was to compare the spatial variability of hydroclimate variables in order to constrain the effect of differing land uses in the two watersheds. The same results were obtained from both tests.
(ii) For the second step, we looked at the stationarity (changes in arithmetic means) of hydroclimate variables series using the Lombard method [13] . This method can be used to determine the nature and timing of changes (breaks) in mean and variance of a statistical series. The use of this method is justified by its general nature, which makes it possible to detect abrupt or gradual changes, unlike other methods commonly mentioned in the scientific literature (e.g., Pettitt's test). This general nature makes the Lombard method more sensitive than other methods at detecting small breaks in mean or variance. In addition, missing data in a series do not affect the ability to determine the timing of changes in the mean or variance. It is therefore a powerful method [13] . Its mathematical development is presented in detail by [14] . This method was applied after removal of any autocorrelation present in the analyzed series. A change in the mean or variance of a statistical series is considered significant when the Sn value of the Lombard statistic is higher than the critical theoretical value (Sn = 0.0403) at the 5% level. The use of this method makes it possible to constrain the effect of differing land uses in the two watersheds on the stationarity (change in mean values) of hydroclimate series.
(iii) For the final step, we correlated the two series of the characteristics (magnitude and timing) of maximum daily spring flows with the nine climate variables series. This correlation was calculated on standardized series in order to eliminate the influence of extreme values on correlation coefficient values. This analysis aims to constrain the effect of differing land uses in the two watersheds on the relationship between the climate variables and the two characteristics of maximum daily spring flows. temperature, precipitation, and flow (magnitude and timing) measured in the two watersheds are recorded in Table 1 .
Results
Comparison of Hydroclimatic Variables in the Two
With regard to temperature, mean maximum and minimum temperatures during the three seasons are higher in the agricultural watershed (L' Assomption) than in the forested one (Matawin). The difference in minimum temperatures is higher than that in maximum temperatures. With regard to precipitation, the total amount of precipitation (rain and snow) is higher in the agricultural watershed than in the forested one. However, the amounts of snow and spring rains do not differ significantly between the two watersheds. With regard to the characteristics of maximum daily spring flows, magnitude is higher in the agricultural watershed than in the forested one. Moreover, this magnitude arises early in the season.
Comparison of Temporal Variability of Hydroclimate Variables in the Two Watersheds.
Results of the analysis of the temporal variability of the hydroclimate variables are presented in Table 2 . Maximum and minimum temperatures increased significantly in the fall in the agricultural watershed. Figure 2 shows the temporal variability of mean daily minimum temperature. This increase occurred after 1946 for maximum temperatures and after 1948 for minimum temperatures. In both watersheds, minimum spring temperatures increased significantly in the second half of the 1970s. A similar increase (after 1953) was also observed in winter in the forested watershed alone. The amount of snow decreased significantly in the forested watershed. This decrease occurred after 1976. However, the amount of rain in the spring increased significantly in both watersheds ( Figure 3 ). This increase occurred during the same period, that is, after 1980, in the two watersheds. Lastly, the total amount of precipitation increased significantly in the agricultural watershed after 1992. With regard to flows, means values of the two characteristics (magnitude and timing) changed significantly in the forested watershed (Figures 4 and 5 ). This change resulted in an increase in the magnitude of maximum daily spring flows after 1970, and their earlier occurrence after 1987. In contrast, no such changes in the stationarity of these two characteristics are observed in the agricultural watershed.
Relationship between Climate Variables and the Characteristics of Maximum Daily Spring Flows.
Values of coefficients of correlation between hydroclimate variables of the two watersheds are presented in Table 3 . With the exception of fall temperatures, there is a fairly strong correlation among the other variables. However, the lowest correlation is between the amounts of snow measured in the two watersheds and the strongest is for the magnitude of maximum daily spring flows. With regard to the link between the two characteristics (magnitude and timing) of streamflow and climate variables (temperature and precipitation), the magnitude of maximum daily spring flows is positively correlated with precipitation in both watersheds (Table 4) . Timing, for its part, is correlated negatively with winter and spring (maximum and minimum) temperatures in both watersheds. In contrast to precipitation, the correlation between timing and temperature is higher in the agricultural watershed than in the forested one. Table 4 reveals that the two characteristics of streamflow are correlated to the same climate variables. Thus, the difference in land use has no effect on the link between climate variables and the two characteristics of maximum daily spring flows.
Discussion
Comparison of the spatiotemporal variability of hydroclimate variables for a wholly forested watershed (Matawin River) and an agricultural watershed (L' Assomption River) revealed a number of significant facts. With regard to temperature, mean values of maximum and minimum daily temperatures are systematically higher in the agricultural watershed than in the forested watershed in fall, winter, and spring. The 6 Advances in Meteorology difference between the two watersheds is greater for minimum temperatures than for maximum temperatures. This temperature difference may be partly explained by the "shading" effect of forest cover, which reduces the amount of solar energy that reaches the ground surface. In addition, a portion of the solar energy is used by trees for evapotranspiration. With regard to precipitation, the two watersheds differ mainly in the total amount of precipitation, which is higher in the agricultural watershed than in the forested watershed. Given that the amount of snow and the amount of spring rainfall are not significantly different in the two watersheds, this increase in total precipitation in the agricultural watershed is apparently due to the increase in total rainfall during the fall given, since the amount of rain in winter is not significantly different in the two watersheds either. This means that the difference in land use does not affect the spatial variability of the amounts of snow and rain in winter and spring. It is in the fall that climate differences between the two watersheds are evident. This explains the lack of correlation observed between climate variables measured in the two watersheds. With regard to the characteristics of flows, the magnitude of maximum daily flows was found to be higher in the agricultural watershed than in the forested watershed, despite a significant increase in magnitude over time (Table 2) in the latter watershed. All of the previous work carried out in Quebec has shown that land use has very little impact on flood flows in general, and on spring flood flows in particular [6, 7] . A number of different factors may account for the magnitude of maximum daily spring flows being higher in the agricultural watershed than in the forested watershed.
(1) In the agricultural watershed, the total amount of precipitation measured from October to April is higher than in the forested watershed. This could cause spring flood flows to be higher in the first watershed than in the second. However, spring flood flows are generated mainly by snowmelt, sometimes in conjunction with spring rains. It has been established that there is no significant difference between the amounts of snow and rain in the two watersheds, with the exception of fall rain, which has no bearing whatsoever on spring floods.
(2) Drainage density and the relatively high slope of the agricultural watershed could account for higher peak flows in the spring. However, these two factors do not come into play, as they are very similar in the two watersheds. In addition, in the agricultural watershed, slopes, and drainage density are much lower in the area in which agricultural land is concentrated.
(3) Because of the decrease in forest cover (decrease in interception of precipitation) and because of farming activities, runoff is becoming more important in the agricultural watershed than in the forested watershed. Despite low slopes, the decrease in the infiltration capacity of the soil as a result of mechanized agriculture appears to result in much more substantial runoff, which in turn would account for higher peak floods. This phenomenon has been extensively documented in many parts of the world [3] .
(4) A significant decrease in total snowfall over time was observed in the forested watershed. However, as this decrease is incompatible with the increase in the magnitude of maximum daily spring flows, it is excluded as a possible explanation for the difference in magnitude between the two watersheds.
With regard to the timing of maximum daily spring flows, they occur earlier in the season in the agricultural watershed than in the forested watershed, despite the change over time in their mean values in the latter watershed. This relatively early onset could be explained by higher maximum and minimum spring temperatures in the first watershed as compared with the second.
Analysis of the temporal variability of temperatures using the Lombard method revealed that mean daily maximum temperatures in the agricultural watershed increased significantly over time in the fall. This increase, which did not occur in the forested watershed, took place during the second half of the 1940s. However, there is no reason to link this increase with the decrease in forest cover or the development of intensive agriculture that began after this decade. With regard to minimum temperatures, they increased significantly over time in spring in both watersheds, Advances in Meteorology 7 in fall in the agricultural watershed and in winter in the forested watershed. This increase cannot be linked to the difference in land use. Rather, it reflects the changes that affect the temporal variability of temperatures throughout Quebec. Similar increases have been observed in numerous watersheds in Quebec. Minimum temperatures are more strongly affected than maximum temperatures [15, 16] . With regard to precipitation, the amount of spring rain increased significantly over time in the two watersheds after 1980, while the amount of precipitation did not increase in the agricultural watershed until after 1992. However, the amount of snow decreased significantly in the forested watershed after 1976. Such changes in precipitation have also been observed in other watersheds in Quebec. They therefore cannot be linked to land use changes. With regard to the amount of snow in particular, [17] has observed a significant decrease in snowpack since the 1980s in Quebec. According to [16] , this decrease has had a particularly notable impact on the north shore of the St. Lawrence River (where the two watersheds are located), which is characterized by a continental-type climate.
The magnitude of maximum daily spring flows increased significantly over time in the forested watershed only after 1970. This increase could be linked to the increase in the amount of spring rain, since the amount of snow decreased significantly over time in the watershed. However, the changes in mean values of these variables are not synchronous. Thus, the increase in flow magnitude occurred approximately 10 years before the increase in the amount of spring rain. It seems that flows are much more sensitive to gradual changes in the amount of rain. The absence of change in magnitude of maximum daily spring flows in the agricultural watershed could partly be explained by a fairly high evaporation owing to relatively high temperatures that could mitigate the effects of the increase in spring rains. With regard to the timing of maximum daily spring flows, its temporal variability is reflected in their earlier timing in the forested watershed, likely because of the increase in minimum temperature in winter and spring. However, despite an increase in minimum temperature in spring, no change in the timing of these flows was observed in the agricultural watershed.
Analysis of the correlation between hydroclimate variables for the two watersheds revealed a strong link between these variables, with the exception of fall temperatures, which appear to be influenced by site-specific conditions. The correlation for total snowfall is very weak, albeit significant. The weakness of this correlation shows that the amount of snow is partly influenced by site conditions, particularly in the fall. Analysis of the relationship between climate variables and the two characteristics of streamflow in the two watersheds revealed that magnitude is positively correlated with precipitation (snow and rain). This correlation is higher in the forested watershed than in the agricultural watershed, probably because of the influence of relatively high temperatures, which promotes evapotranspiration and therefore affects the connection between precipitation and flow. With regard to the timing of maximum daily spring flows, it is negatively correlated with maximum and minimum winter and spring temperatures in both watersheds. When temperatures are high, snowmelt giving rise to spring floods occurs early in the season. This correlation is higher in agricultural watershed than in the forested one due to the fact that temperatures are higher in the former than in the latter.
Conclusion
This study brought out the respective effects of land use on the spatiotemporal variability of temperature, precipitation, and streamflow characteristics in Quebec. As far as spatial variability is concerned, the difference in land use results in higher maximum and minimum seasonal temperatures and maximum daily spring flow magnitude in the agricultural watershed than in the forested watershed. As for the timing of maximum daily spring flows, they occur earlier in the agricultural watershed than in the forested watershed. With regard to the temporal variability of these hydroclimate variables, breaks in mean values that affect some of these variables occurred essentially at the same time as those observed in other watersheds in Quebec. Therefore, they cannot be linked to the difference in land use between the two watersheds. Finally, the difference in land use between the two watersheds has no effect on the link between climate variables (temperature and precipitation) and the two characteristics (magnitude and timing) of maximum daily spring flows. In both watersheds, flow magnitude is positively correlated with winter and spring temperatures, while timing is negatively correlated with these variables.
